In this study the possibility of body size estimation of new born lambs using image processing and its effect on the genetic gain of a simulated population has been investigated. The body size of 158 new born lambs of Zandi sheep was evaluated via appraisal method, digital image processing and metric methods. The correlation coefficients between metric lamb size with quantities were calculated from image processing method and appraisal method were 0.88 and 0.48, respectively (P < 0.01). In the next step, two populations were randomly simulated using R2.15 programming environment, and two different scenarios based on two lamb size measurement methods were studied. In the first scenario, it was assumed that the animal body size is determined using image processing technique in continuous values, while in the second scenario it was assumed that the body size is determined via appraisal method in discrete values. As results, the accuracies of breeding value estimations in the first and second scenario were 0.89 and 0.78, and the genetic trends were 0.46 and 0.28, respectively (P < 0.01). The results showed that determination of lamb size based on proposed image processing method is feasible, and replacement of this new method instead of human appraisal method could increase the genetic gain in the breeding herds.
Introduction
In animal breeding, many traits such as body condition score, meat quality and carcass characteristics same as quantitative traits are under controlling of multiple genes, but they are measured same as qualitative trait in discrete scales. These traits are called as threshold traits (Gianola 1982; Abdel-Azim & Berger 1999) . Each threshold trait has an underlying variable with normal distribution which is under controlling of some genetic and environmental factors. Due to the lack of accurate measurement tools the underlying variable of threshold trait is not visible and its phenotype is measured in two or more distinct levels (Gianola 1982) . Whatever the accuracy of phenotypic measurement of a threshold trait is improved, the portion of error in the phenotypic variance is reduced, and the higher genetic gain in the breeding population will be expected (Abdel-Azim & Berger 1999; Hayes & Goddard 2010) .
In the pelt sheep (e.g. Karakul and Zandi sheep), characteristics related to the pelt quality such as curl type, pattern score and lustre of pelt are known as threshold traits (Schoeman & Albertyn 1992) . Zandi sheep is a dualpurpose breed (pelt and meat) that is kept at the central region of Iran. At the birth, Zandi lambs are evaluated for different pelt traits such as curl type, pattern score and lamb size by trained appraisers. Pelt traits are evaluated by the allocation of scores. Score allocation is done on an ordinal scale. For example Lustre is scored on Scales 5, 8 and 10. This means that the 8 is taken as the mid value and 5 and 10 as the minimum and maximum values (Khojastehkey et al. 2006) . It seems that use of appraisal method to evaluate the pelt traits is not an accurate method. Vilarrasa et al. (2010) indicated that due to the items such as differences in experience and skill, time limitation, the lack of accurate measuring instruments and evaluator changes during different years, incidence of human error in the appraisal method is inevitable.
In the recent two decades, use of artificial intelligence methods has been developed in military, medical, aerospace, identification, robotics and security systems, and used instead of human sense for diagnosis (Onder et al. 2010) . In recent years some efforts to use of artificial intelligence in the agriculture and animal science have been started. Estimation of live weight in pigs (Wang et al. 2009 ), estimation of body area in broiler chickens (Junior et al. 2011) , estimation of leaf area in plant (Banerjee et al. 2012) , identification and classification of plant disease (Al-Hiary et al. 2011) , separation of fruit genotypes (Alipasandi et al. 2013) , size estimation and classification of tea granules (Borah et al. 2007 ) and linear regression analyses for predicting carcass tissue composition of kids (Arguello et al. 2001) are some examples of using artificial intelligence to prediction and classification in the agriculture.
As far as we know, there are not any reports in use of artificial intelligence to determine the pelt quality of new born lambs. In this study, using image processing technology a new method to estimate the body size of new born lambs was introduced, and the effect of this new method on the genetic progress at a simulated population was investigated.
Material and methods

Phenotypic recording and image acquisition
This study was conducted in Zandi sheep breeding centre (Khojier) located between Tehran and Abali. At birth, 300 lambs were identified, and date of birth, sex, type of birth and weight were recorded. In Day 2 or 3 afterbirth, all lambs were characterised for pelt traits by expert appraisers. The lamb body size was one of the pelt traits which evaluated by the allocation of scores: 1, 3 and 5. This means that the 3 was taken as the mid size and 1 and 3 as the minimum and maximum sizes. Simultaneously, to have more accurate measurement of body size, some metric dimensions including length and height of lambs was measured by metre ( Figure 1 ). Afterwards, some images with size of 4320 × 3240 pixels were taken from lateral view of each lamb using canon digital camera SX 150, considering the fixed 60 cm imaging distance.
Image processing
All images were processed using image processing tools (IPTs) of MATLAB 7.8.0 software. In the first step, to improve the images quality, series of preprocessing practices was done on each digital image. Conversion of the colour images to the grey images, brightness adjustment, images segmentation, selecting the region of interest and applying a series of morphological operators to eliminate noise and unwarranted points was some of these preprocessing operations.
Body size of lambs was estimated using two image crops: the first crop was an image with a complete side view of lambs ( Figure 2b ) and the second crop was lamb image without head, neck and limbs ( Figure 2c ). The steps of images preprocessing are shown in Figure 2 .
Feature extraction
To estimate the area of lateral side of lambs, an input image was labelled using the bwlabeln function in the IPT of MATLAB, and then some important morphological features such as area, perimeter, major axis length and minor axis length were calculated using the regionprops function. Considering the fixed imaging distance and equal size of all input images, area of lateral side of each lamb was estimated through counting the number of white pixels in the binary image. The Pearson and SpearmanKendall procedures of SPSS (16) were used to estimate the correlation coefficients between lamb body size measurements in metric system, image processing system and appraisal system.
Simulation of population
In this study, a base population including 300 animals (50% ewes and 50% rams) was randomly simulated using R2.15 software. This overlap population was bred up to 10 generations, and each animal depending on defined scenario participated in the mating programme for 3 generations. In all scenarios the lambing rate of ewes was considered 90%, and only one lamb per each generation was produced from each ewe.
Definition of trait
The body size of lambs was simulated based on the metric body dimensions which were measured in the previous step, using normal distribution with mean of 8.1, standard deviation of 1.2 dm 2 , and heritability of 0.25. Considering of the measurement method, two scenarios were designed in the simulated population. In the first scenario, it was assumed that the animal body size is measured via the image processing method as continuous quantitative values. While, in the second scenario, it was assumed that the animal body size was measured via the appraisal method in three scales: small, medium and large scales. Derived from the mean and variance of a trait, Number 8 was allotted to the medium-sized lambs and Numbers 5 and 11 were allotted to the small and large lambs, respectively. Description of simulated population for two scenarios is shown in Table 1 .
Estimation of breeding values and selection of animals
In each generation, breeding value of animals was estimated using a simple single-trait animal model through best linear unbiased prediction (BLUP) method. The BLUP method had been used in several studies for analysis of categorical traits (Van Vleck & Gregory 1992 ). The statistical model to estimate the breeding value of animals was as follows:
In the above equation, Y is the value of each observation, m is the mean of trait, a i and e ij are the random effects and residual of the model, respectively. In each generation rams and ewes with higher breeding values were selected to produce next generation. The true breeding value of each animal was calculated using following equation:
In the above equation, g o is the true breeding value of animal, g s and g d are the true breading values of sire and dam of animal, respectively, and g m is the Mendelian sampling effect (Falconer & Mackay 1996) . The Mendelian sampling effect was calculated using the following equation:
In the above equation, F s and F d are the inbreeding coefficients of sire and dam of animal, respectively (Falconer & Mackay 1996) . The accuracy of breeding value estimations was determined as correlation coefficient between estimated breeding values and true breeding values for each animal. Each scenario was run for 10 replicates, and results of different scenarios were compared using the generalized linear model procedure of SPSS (16) software.
Results and discussion
Estimation of lamb body size
The mean of lamb size and their correlations are shown in Tables 2 and 3 , respectively. According to the results, the correlation coefficients between lamb body size which was measured using the metric method, with values obtained by the appraisal method and by the image processing method were 0.48 and 0.88, respectively. This observation suggests that the image processing method for estimating lamb size is more accurate tool than human assessment method. There are some reports in the size estimation of object or organisms using image processing methods. The leaf area of a medicinal plant was estimated by Banerjee et al. (2012) using image processing techniques with precision of 98%. The leaf area of tomato and corn was estimated by Garcia et al. (2009) using image processing techniques with precision of 98.1% and 96.2%, respectively. In another study, body area of broiler chicken was estimated by Junior et al. (2011) using image processing method with precision of 99%. These reports are in agreement with the results of present study. Size of generations 160 160 Number of generation 10 10 Number of replication 10 10 Table 2 . The mean of lateral size of lambs that were measured using different methods. Journal of Applied Animal Research 3
Results of population simulation
Comparison of some estimated parameters between two scenarios is shown in Table 4 , and phenotypic trends and genetic trends are shown in Figures 3 and 4 , respectively. The accuracy of breeding value estimations in the first and second scenarios was 0.89 and 0.78, respectively (P < 0.01). This observation may be related to use of more accurate instrument to measure the lamb body size in the first scenario (image processing). The accuracy of breeding value estimations may be influenced by the factors such as heritability coefficient, rate of pedigree evolution and quality and quantity of phenotypic data (Stalder 1999) . Whatever the accuracy of phenotypic values for a threshold trait is increased, the portion of error in the phenotypic variance is reduced and the higher genetic improvement will be expected (Abdel-Azim & Berger 1999) . In the present study, when the lamb size was just measured in three scales (small, medium and large scales), the major part of the phenotypic variance of the trait was discounted, and the error variance was increased; so the accuracy of breeding value estimations and genetic trend was decreased in the population.
According to Hossein-Zadeh (2007) and Bates (1999) , if the extent of residual error in the phenotypic variance is decreased (e.g. recording errors), the phenotypes would be better index to indicate genetic differences among animals, and consequently the correlation between estimated breeding values and true breeding values is increased. The reduction in accuracy of genomic prediction for ordered categorical data compared to continuous observations is reported by Kizilkaya et al. (2014) . These reports are in agreement with the results of current study.
The true genetic trends for lamb body size in the first and second scenarios were estimated 0.46 and 0.28, respectively (P < 0.01). Due to the IPTs produced more accurate phenotypes and more accurate breeding value estimations than human appraisal method, so the chance of weak animal selection in different generations is reduced, and therefore the genetic trend of population is improved.
According to the Abdel-Azim and Berger (1999) and Meuwissen et al. (1995) , the increasing in the accuracy of phenotypic measurement of a threshold trait results in a higher genetic gain in the breeding population because of decreasing in the deviation between estimated breeding values and true breeding values. These reports are in accordance with the results of present study. 
Conclusion
The results indicated that, not only human appraisal method can be replaced by IPTs to measure the pelt size of new born lambs, but also this substitution could increase the genetic gain at the breeding herds.
